In silico modeling of protein hydrolysis by endoproteases: a case study on pepsin digestion of bovine lactoferrin.
This paper presents a novel model of protein hydrolysis and release of peptides by endoproteases. It requires the amino-acid sequence of the protein substrate to run, and makes use of simple Monte-Carlo in silico simulations to qualitatively and quantitatively predict the peptides that are likely to be produced during the course of the proteolytic reaction. In the present study, the model is applied to the case of pepsin, the gastric protease. Unlike pancreatic proteases, pepsin has a low substrate specificity and therefore displays a stochastic behavior that is particularly challenging to model and predict. Two versions of the model are studied and compared with peptidomic data obtained during pepsin hydrolysis of bovine lactoferrin. The first version of the model takes into account cleavage probabilities according to the amino acids in position P1-P1' only, whereas the second version also accounts for the influence of neighbor amino acids (P4, P3, P2, P2', P3', P4') and peptide terminal ends. The second version of the model was able to reproduce many real-world features of the reported behavior of pepsin, such as the peptide size distribution, or the quantity of free amino-acids. More remarkably, 50% of the experimentally monitored peptides (44/87) lay within the 120 most abundant simulated peptides. The presented methodology has the advantage of being applicable not only to different proteins, but to different enzymes as well, as long as cleavage frequency data are available.